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Abstract

Aim: The aim of this study was to detect the influence of drinking water on the occurrence and severity of
dental calculus in Saudi Arabia through comparing the amount of dental calculus on teeth surfaces and the
type of drinking water in addition to other contributing factors between two provinces in the Kingdom of
Saudi Arabia which were Riyadh and Eastern Province and to define the mineral elements in drinking water
causing such effect.

Materials and Methods: 304 patients aged >18 years and residing in the Kingdom of Saudi Arabia (Riyadh
and Eastern Province) were randomly selected and equally divided into two groups: Riyadh group and
Eastern Province group. The study was carried out in the period April through June 2018. Each patient was
clinically examined using Oral Calculus Index (OCI) (Greene and Vermillion 1964)'and Saliva pH Test (pH
indicator papers full range). Also, each patient answered a questionnaire about: oral hygiene habits, the
last visit for dental scaling, the type of drinking water, the amount of daily water consumption, and tobacco
smoking. Laboratory analysis of drinking water samples for (Ca) and (PO4) mg/L ppm was performed. The
data obtained were documented in a patient examination form then statistically analyzed using Chi-Square
Test and Multinomial Logistic Regression.

Results: There was a statistically significant relationship between the type of drinking water and calculus
p <0.05. Also, there was a statistically significant relationship between provinces and calculus p <0.05.
There was a significant difference between the two provinces p <0.05 in the type of drinking water and
saliva pH. However, there was an insignificant difference between the two provinces p >0.05in oral hygiene
habits (brushing, flossing, mouthwash), the last visit for dental scaling, the amount of daily water
consumption, and tobacco smoking. Eastern Province that depended more on water from trucks than Riyadh
had higher alkaline saliva pH and higher calculus risk than Riyadh.

Conclusion: The results of this study indicate that drinking water influences the occurrence and severity of
dental calculus. It’s important to comply with the international standards of (Ca), (PO4), and (Mg)
concentration mg/L ppm in drinking water. Periodic analysis is advised.
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Introduction

Drinking water and the oral cavity

Two of the acquired exterior factors that can
change the pH level and concentration of ions in
the environment surrounding teeth are food and
liquids consumed by humans including drinking
water. Changes in the content and physiochemical
properties of drinking water affect the process of
mineralization in the oral cavity in two ways.
Firstly, through their systemic impact on the
balance of the mineral content such as calcium,
magnesium, and phosphate thus the concentration
of these components secreted with saliva.
Secondly, through their local impact on teeth
when drinking water and consuming food
prepared on water base.?

In 1937, Mills found (among 75 cities in the USA)
a direct relationship between the mineral content
of drinking water especially water hardness
(calcium and magnesium content) and its effect on
the resistance and susceptibility of teeth to
demineralization. In his study, he suggested that
caries diminished as drinking water hardness
increased.??

Dental calculus composition and formation

Dental calculus is primarily composed of
inorganic and organic components. Minerals form
the inorganic part of supragingival and
subgingival calculus and constitute 37% and 58%
by volume, respectively.*> The inorganic
(mineral) part of dental calculus consists of
phosphate  crystals:  octacalcium
phosphate, hydroxyapatite, whitlockite, and
brushite. The driving force for dental plaque
mineralization thus dental calculus formation is
supersaturation of saliva, plaque fluid in
particular, with phosphate
salts.*Moreover, literature lists a high-calcium and
high-phosphorus diet as a possible contributor to
dental calculus formation in addition to local

calcium

calcium

concentrations of other minerals such as
magnesium, potassium, iron, and silicon that may
also be important in the regulation of dental
calculus formation.®’

The aim of this study was to detect the influence
of drinking water on the occurrence and severity
of dental calculus in Saudi Arabia through
comparing the amount of dental calculus on teeth
surfaces and the type of drinking water in addition
to other contributing factors between two
provinces in the Kingdom of Saudi Arabia which
were Riyadh and Eastern Province and to define
the mineral elements in drinking water causing
such effect.

Materials and Methods
Ethical approval

The study was registered with the research center
of Riyadh Elm University (FRP/2018/160) and
received ethical approval from the institutional
review board of the same

(RC/IRB/2018/968).

institution

Selection of the content for analysis and
statistical analysis

304 patients aged >18 years and residing in the
Kingdom of Saudi Arabia (Riyadh and Eastern
Province) were randomly selected and equally
divided into two groups: Riyadh group and
Eastern Province group for the purpose of
achieving comparison. The study was conducted
in the period April through June 2018. After
taking the patient consent on an informed consent
statement form for clinical studies, each patient
was clinically examined using Oral Calculus
Index (OCI) (Greene and Vermillion 1964)'and
Saliva pH Test(pH indicator papers full range) in
order to detect the saliva pH (acidic, neutral,
alkaline). In addition, each patient answered a
questionnaire about: oral hygiene habits(tooth
brushing, dental flossing, mouthwash), the last
visit for dental scaling, the type of drinking water
(water from trucks, bottles, tap water), the amount
of daily drinking water consumption (glass of
water), and tobacco smoking. Laboratory analysis
of four drinking water samples for calcium (Ca)
and phosphate (PO4) mg/L ppm was done. All the
water samples were kept in sterile containers with
tight plastic caps. They were delivered to the lab
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upon collection from their natural sources, and the
bottled water sample was valid for a one year
from its production date as indicated on its
container. The water samples were as the
following:

Samplel. Bottled water from a Saudi water
factory. Riyadh, KSA.

Sample 2. Tap water. Al-Jubail, Eastern Province,
KSA.

Sample 3. Water from a well with a desalination
home device. Al-Hofuf, Eastern Province, KSA.
Sample 4. Water from a truck refilled in a water
refill station. Riyadh, KSA.

The analytical laboratory testing techniques were:
[-Color mating spectrophotometer for detecting
(PO4) mg/L ppm

II-(ICP) Inductively coupled plasma atomic
emission spectrometer for detecting (Ca) mg/L
ppm

The data obtained were documented in a patient
examination form then statistically analyzed using
Chi-Square Test to test the association between
categorical variables and Multinomial Logistic
Regression to evaluate the relationship between
nominal dependent variable (calculus) and risk
factors (provinces and the type of drinking water).
Odd Ratio was calculated to compare the Odd
Ratio of (heavy/moderate) calculus versus no
calculus and the Odd Ratio of slight calculus
versus no calculus for each of the aforementioned
risk factors. All statistical analyses were
performed using the IBM SPSS Statistics version
20 data processing software. The significance
level was set at p < 0.05.

Results

Relationship between nominal dependent
variable (calculus) and risk factors (provinces
and the type of drinking water)

Multinomial Logistic Regression model was
significant p = 0.000<0.05 (Chi-Square = 24.395,
df = 4) and valid with classification accuracy =
51.6% which was greater than the proportional by
chance accuracy criteria 51.06% (1.25 x
0.408518) (Table 1). Also, it was a well-fitting

model according to the Goodness-of-Fit Test p =
0.695 > 0.05.

The intercept of the dependent variable
(heavy/moderate) calculus and the risk factors
(provinces and the type of drinking water) was
statistically significant p=0.000<0.05,
intercept =1.576. Also, the intercept of the
dependent variable slight calculus and the risk
factors (provinces and the type of drinking water)
was statistically significant p=0.000< 0.05,
intercept = 1.786 (Table2).

Table 1: Model Fitting Information

Model Likelihood Ratio Tests
Chi-Square df Sig.
Final 24.395 4 .000

The type of drinking water and dental calculus
Chi-Square Test showed that there was a
statistically significant relationship between the
type of drinking water (trucks/tap water, bottles)
and calculus severity (no calculus, slight calculus,
and heavy/moderate calculus) p = 0.004<0.05
(Chart 1).

Multinomial Logistic Regression showed that the
type of drinking water (trucks/tap water, bottles)
played a statistically significant role in
differentiating patients who had (heavy/moderate)
calculus from patients with no calculus p =
0.017<0.05. Patients who used to drink water
from (trucks/tap water) were three times more
likely -higher risk- to have (heavy/moderate)
calculus than patients who used to get their
drinking water from bottles Odd Ratio = 3.079
(Lower Bound=1.220, Upper Bound = 7.773) at a
confidence level 95%. However, Multinomial
Logistic Regression showed that the type of
drinking water(trucks/tap water, bottles) didn’t
differentiate patients who had slight calculus from
patients with no calculus p = 0.102 >0.05 (Table
2).
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Table 2: Parameter Estimates of nominal dependent variable (calculus) and risk factors (provinces and the

type of drinking water)
95% Confidence
Calculus Index? B Sig. Exp (B) | Interval for Odd Ratio
p-value | Odd Ratio Lower Upper
Bound Bound
Heavy / Moderate Intercept 1.576 .000
Riyadh -1.423 .001 241 102 .569
Eastern Province 0P . . . )
Trucks/Tap Water 1.125 .017 3.079 1.220 7.773
Bottles 0P .
Slight Intercept 1.786 .000
Riyadh -.882 .037 414 181 .949
Eastern Province 0P . . . )
Trucks/Tap Water 754 102 2.124 .861 5.243
Bottles 0P

a. The reference category is: No Calculus
b. This parameter is set to zero because it is redundant

The Type of Drinking Water and Dental Calculus
60%
52.2%
50%

40%
5 31.5%

30%
# Trucks/Tap Water

20% 16.3% Bottles

10% 5.8%

o Dl

No Calculus

Heavy/Moderate Slight

Calculus

Chart 1: The type of drinking water and dental calculus

Provinces and dental calculus

Chi-Square Test showed that there was a
statistically ~ significant relationship between
provinces (Riyadh, Eastern Province) and calculus
severity (no calculus, slight calculus, and heavy/
moderate calculus) p =0.000 <0.05 (Chart 2).
Multinomial Logistic Regression showed that
provinces (Riyadh, Eastern Province) played a
statistically significant role in differentiating
patients who had (heavy/moderate) calculus from
patients with no calculus p =0.001<0.05. Patients
from Riyadh were 75.9% less likely -lower risk-
to have (heavy/moderate) calculus than patients

from Eastern Province Odd Ratio=0.241(Lower
Bound=0.102, Upper Bound=0.569) at a
confidence level 95%. Also, Multinomial Logistic
Regression showed that provinces (Riyadh,
Eastern Province) played a statistically significant
role in differentiating patients who had slight
calculus from patients with no calculus p
=0.037<0.05. Patients from Riyadh were 58.6%
less likely -lower risk- to have slight calculus than
patients from Eastern Province Odd Ratio=0.414
(Lower Bound=0.181, Upper Bound=0.949) at a
confidence level 95% (Table 2).
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Provinces and Dental Calculus
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Chart 2: Provinces and dental calculus

Provinces and the type of drinking water

Chi-Square Test showed that there was a
significant difference between Riyadh and Eastern
Province in the type of drinking water (trucks,
bottles, and tap water) p =0.000 <0.05. The type

of drinking water in Eastern province was water
from trucks (34.2%), bottles (48.7%), and tap
water (17.1%). However, the type of drinking
water in Riyadh was water from trucks (7.9%),
bottles (72.4%), and tap water (19.7%) (Chart 3).

Provinces and the Type of Drinking Water

80%
70%
60%
50%
40% 34.2%
30% o]
20%
10%

0%

Trucks Bottles

Type of Water

« Riyadh

# Eastern Province

Tap Water

Chart 3: Provinces and the type of drinking water

Saliva pH

Chi-Square Test showed that there was a
significant difference between Riyadh and Eastern
Province in saliva pH p =0.022 < 0.05. The saliva
pH in Eastern Province was alkaline (34.9%),
neutral (57.2%), and acidic (7.9%). However, the

saliva pH in Riyadh was alkaline (28.3%), neutral
(53.3%), and acidic (18.4%) (Chart 4).
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Saliva pH Test
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Chart 4: Saliva pH Test

Oral hygiene habits and dental scaling
Chi-Square Test showed that there was an
insignificant difference between Riyadh and
Eastern Province in oral hygiene habits p >0.05:
tooth brushing p =0.492 >0.05, dental flossing p
=0.516 >0.05, and mouthwash p =0.278 >0.05.
Also, Chi-Square Test showed that there was an
insignificant difference between Riyadh and
Eastern Province in the last visit for dental scaling
p=0.118 >0.05 (Table 3).

Daily water consumption

Chi-Square Test showed that there was an
insignificant difference between Riyadh and
Eastern Province in the amount of daily drinking
water consumption p=0.454 >0.05 (Table 3).

Tobacco smoking

Chi-Square Test showed that there was an
insignificant difference between Riyadh and
Eastern Province in tobacco smoking p =0.883
>0.05 (Table 3).

Table 3: Statistical comparison between Riyadh
and Eastern Province

Significant or insignificant
Questions included in the | difference between Riyadh

questionnaire and Eastern Province
p-value
How many times do you brush
your teeth per day? 0.492>0.05
ol never brush © one time insignificant difference
O two times

o more than two times

How many times do you use
dental floss per week?

o I never floss © once a week

o twice a week

o more than twice a week

0.516>0.05
insignificant difference

0.278>0.05
insignificant difference

Do you use mouthwash?
o Yes o No

When did you last visit the
dentist for dental scaling? 0.118>0.05

o since three months o since | insignificant difference
six months o since a year
o more than a year

o I’ve never visited a dentist
before

How many glasses of water do
you drink per day?

oone glass  otwo glasses
othree glasses ofour glasses
omore than four glasses

0.454>0.05
insignificant difference

0.883>0.05
insignificant difference

Are you a smoker?
o Yes o No

Laboratory analysis

The laboratoryanalysis results of the four drinking
water samples for calcium(Ca) and phosphate
(PO4) mg/L ppm were as the following (Table 4):
Sample 1. Bottled water from a Saudi water
factory. Riyadh, KSA. (PO4) <0.1 mg/L ppm
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(Ca)=16.5 mg/L ppm. According to the bottle
label, magnesium was (Mg) =2.4 mg/L ppm.
Sample 2.Tap water. Al-Jubail, Eastern Province,
KSA. (PO4) =0.1 mg/L ppm(Ca)=16 mg/L ppm.
Sample 3. Water from a well with a desalination
home device. Al-Hofuf, Eastern Province, KSA.
(PO4) =0.1 mg/L ppm (Ca) =4.8 mg/L ppm.
Sample 4. Water from a truck refilled in a water
refill station. Riyadh, KSA. (PO4) =0.3 mg/L ppm
(Ca) =87 mg/L ppm.

Table 4: Laboratory analysis for (Ca) and (POa)

mg/L ppm

Sample ID (PO4) mg/L (Ca) mg/L
ppm ppm

Bottled water from a Saudi water <0.1 16.5

factory. Riyadh, KSA.

Tap water. Al-Jubail, Eastern 0.1 16

Province, KSA.

Water from a well with a 0.1 4.8

desalination home device. Al-

Hofuf, Eastern Province, KSA.

Water from a truck refilled in a 0.3 87

water refill station. Riyadh, KSA.

Discussion

Saliva pH level and its saturation with calcium
and phosphate are important in the process called
remineralization.>® Bardow et al. studied saliva
with respect to its inorganic components (calcium
and phosphate)which play a positive role in the
process of remineralization when being near
normal concentrations with a pH level near neutral
in the oral environment.” Early theories of calculus
formation were based on precipitation of calcium
phosphate by various mechanisms such as
elevation in local pH and phosphate activity with
plaque serving as passive receptacle for the
precipitate. Now, it appears that mineralization
often occurs in the inner layers of the plaque, and
dental calculus is produced in the presence of
bacteria more than their absence.'® Furthermore,
Wong et al. indicated that alkaline pH is critical in
promoting plaque mineralization and that mineral
deposition is modulated by serum. In the study of
Wong et al., it was found that calcium phosphate
deposition was proportional to the plaque resting
pH.!!

Individual oral hygiene practices are required to
be regular and sufficient for a healthy dental and
periodontal condition. While it is sufficient to stop
or interrupt individual oral hygiene practices for a
short-term for the formation of soft accessories
such as debris and bacterial plaque on tooth
surfaces, a long-term negligence of the oral
hygiene is required for the formation of dental
calculus.'? In some highly susceptible individuals
to dental calculus formation, it is possible for
regrowth of calculus to occur within two weeks of
professional scaling and oral hygiene instructions.
However, continuous and gradual inhibition of
calculus regrowth in susceptible individuals could
be achieved with repeated professional
prophylaxis and enhanced compliance with oral
hygiene care.’

Magnesium  (Mg)is the other
determinant in addition to calcium.!*Magnesium
inhibits the formation of dental calculus with its
calcium channel blocking effect.'*Also, it inhibits
the formation of dental calculus by reducing and
preventing the undesirable effects of phosphate in
the sense of creating stones.!” Of the
aforementioned calcium phosphate crystals, only
whitlockite magnesium  which
substitutes for part of the calcium in
whitlockite.*'®  Magnesium  inhibits  apatite
originating from amorphous calcium phosphate to
the benefit of whitlockite (magnesium
whitlockite) formation.!® Therefore, magnesium
inhibits the formation of dental calculus. The
Healthy Water Association (HWA) standard calls
for bottled water to provide a minimum of 25 mg
of magnesium per liter and suggests that the ratio
of calcium to magnesium in bottled water should
not be greater than 2-to-1. Some researchers
suggest a more balanced 50-50 ratio between

hardness

contains

calcium and magnesium where excessive calcium
is dangerous.'”

Criteria for total phosphorus in water as
recommended by US EPA (1986)'®

1. No more than 0.1 mg/L ppm for streams which
do not empty into reservoirs 2. No more than 0.05
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mg/L ppm for streams discharging into reservoirs
3. No more than 0.025 mg/L ppm for reservoirs
Phosphate-phosphorous levels for rating a
water sample quality'®!”

0.01-0.03 mg/L - the level in uncontaminated
lakes

0.025 — 0.1 mg/L - level at which plant growth is
stimulated

0.1 mg/L - maximum acceptable to avoid
accelerated eutrophication

>0.1 mg/L -accelerated growth and consequent
problems

The results of this study were consistent with
literature and showed that Eastern Province that
had higher alkaline saliva pH (34.9%) than
Riyadh (28.3%) had higher calculus risk than
Riyadh too. The observations of Bergstrom study
indicated a strong association between tobacco
smoking and both supragingival and subgingival
calculus deposition,?®*! but there was an
insignificant difference between Riyadh and
Eastern Province in tobacco smoking. Also, there
was an insignificant difference between Riyadh
and Eastern Province in oral hygiene habits (tooth
brushing, dental flossing, mouthwash), the last
visit for dental scaling, and the amount of daily
water consumption. However, the results of this
study showed that there was a statistically
significant relationship between the type of
drinking water and dental calculus as well as
between provinces and dental calculus. In
addition, there was a significant difference
between the two provinces in the type of drinking
water where Eastern Province depended more on
water from trucks (34.2%) than Riyadh (7.9%),
while Riyadh depended more on bottled water
(72.4%) than Eastern province (48.7%). By
comparing the lab analysis results of the water
from a truck sample and bottled water sample
with the criteria for total phosphorus in water
recommended by US EPA, the quality of the
bottled water sample appeared to be better.

The aforementioned results of this study indicate
that drinking water influences dental calculus
occurrence and severity in Saudi Arabia.

Conclusion

The results of this study indicate that drinking
water influences the occurrence and severity of
dental calculus. It’s recommended to monitor
drinking water quality by performing periodic
checkups and analyses. Furthermore, it’s
important to comply with the international
standards of calcium (Ca) and phosphate (POa)
concentration mg/L ppm in drinking water taking
into consideration the importance of magnesium
(Mg) and the ratio of calcium to magnesium
which ideally should not be more than 2-to-1.!”
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